A novel Gram-stain-negative, aerobic, rod-shaped, non-flagellated and non-gliding bacterium, designated FA042
In recent years, many new taxa have been described in the family Flavobacteriaceae; the new genus Hyunsoonleella in the family was proposed by Yoon et al. [1] . At the time of writing, the genus Hyunsoonleella comprised two species: Hyunsoonleella jejuensis [1] and Hyunsoonleella pacifica [2] . Bacterial cells of the genus Hyunsoonleella are rod shaped, Gram-stain-negative and non-gliding. The major respiratory quinone of members of the genus Hyunsoonleella is MK-6. In this study, we report on the phenotypic and genotypic characterization of strain FA042
T . On the basis of evidence from a polyphasic study, we propose that this strain should be included in the genus Hyunsoonleella as a representative of Hyunsoonleella rubra sp. nov.
Strain FA042
T was isolated from a marine sediment sample collected from the coast of Weihai, China (37 32¢ 02 † N 122 03¢ 44 † E) during a study of marine microbial community diversity. The sample was serially diluted to 10 À5 with sterilized seawater, and aliquots (0.1 ml) of each dilution were spread onto 2216E agar (Hopebio). A circular, convex, red-coloured colony was isolated after 7 days' incubation on 2216E agar at 25 C. The strain, designated FA042 T , was routinely incubated on 2216E agar at 33 C for physiological, biochemical and chemical analysis after purification and stored at À80 C in 15 % (v/v) glycerol with 1 % (w/v) NaCl. For comparative analysis of physiological and chemotaxonomic characteristics, H. jejuensis KCTC 22242
T and H. pacifica SW033
T were used as reference strains. Unless otherwise stated, those strains were grown on 2216E agar at 33 C for comparative purposes. H. jejuensis KCTC 22242
T and H. pacifica SW033 T were obtained from the Korean Collection for Type Cultures (KCTC) and the laboratory of Professor Xiao-Hua Zhang, respectively.
Colony morphology and the presence of flagella were examined after incubation for 3 days. Cell morphology and size were examined by light microscopy (Ci-L; Nikon) and transmission electron microscopy (Jem-1200; JEOL) (Fig.  S1 , available in the online Supplementary Material). Flagellation was determined by transmission electron microscopy after the cells were negatively stained with 1 % (w/v) phosphotungstic acid. Gram staining was determined as described by Smibert and Krieg [3] . Motility was determined by the hanging-drop method. Gliding motility was examined as described previously by Bowman [4] . The production of flexirubin-type pigments was investigated using 20 % (w/v) KOH solution [5] . The pigments of strain FA042
T were extracted and analysed using a UV/visible spectrophotometer (model UV7200; UNICO; [6] ) in the presence of 0.0-10.0 % (w/v) NaCl (at intervals of 0.5 %) at 33 C. The effect of pH on growth was determined by cultivating strains in 2216E liquid medium with different buffer systems as described by Xia et al. [7] . Growth under anaerobic and microaerobic (5 % O 2 , 10 % CO 2 and 85 % N 2 ) conditions was determined after incubation for 14 days in an anaerobic jar with or without 0.1 % (w/v) NaNO 3 . Growth on R2A (Hopebio), Luria-Bertani agar (LB; Hopebio), 2216E agar, tryptic soy agar (TSA; Hopebio), nutrient agar (NA; Hopebio) and thiosulfate citrate bile salts sucrose agar (TCBS; Hopebio) was also evaluated with the salinity adjusted to 3 %. Oxidase activity was tested using an oxidase reagent kit (bioM erieux) according to the manufacturer's instructions. Catalase activity was detected by bubble production in 3 % (v/v) H 2 O 2 . The reduction of nitrate and hydrolysis of agar, starch, CM-cellulose and Tweens 20, 40, 60 and 80 were performed as described by Dong and Cai [8] . Acid production from carbohydrates was detected using an API 50CHB fermentation kit (bioM erieux). Carbon source oxidation was checked in Biolog GEN III microplates. Additional physiological and biochemical characteristics were examined using API ZYM and API 20E kits (bioM erieux). All the API tests were performed according to the manufacturer's instructions, except that the salinity was adjusted to 3 %. Susceptibility of strain FA042 T to antibiotics was tested on 2216E agar plates (since strain FA042
T showed poor growth on MuellerHinton agar) using the disc diffusion method according to Du et al. [9] and the Clinical and Laboratory Standards Institute [10] .
Bacterial genomic DNA was extracted and purified using a commercial genomic DNA extraction kit (MiniBEST Bacteria Genomic DNA Extraction Kit version 3.0; TaKaRa), and the G+C content of DNA was determined by HPLC as described by Mesbah et al. [11] . The 16S rRNA gene sequence of strain FA042
T was amplified by PCR using primers 27F and 1492R [12] . PCR products were purified using a PCR purification kit (Tiangen) and ligated into vector pGM-T (Tiangen; [13] ). The ligation products were transformed into competent Escherichia coli DH5a cells. Determination of the cloned 16S rRNA gene sequence was performed by Shanghai Sunny Biotechnology, China. A near-complete 16S rRNA gene sequence (1438 bp) was screened preliminarily under https://blast.ncbi.nlm.nih.gov/ blast. The sequences of type strains were obtained from the EzTaxon server (http://www.ezbiocloud.net/; [14] ). CLUSTAL X (version 1.81) was used to align 16S rRNA gene sequences [15] . Gaps at the 5¢ and 3¢ ends and ambiguous bases were removed from the alignment using BioEdit (version 7.0) [16] . Phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony methods in the computer program MEGA version 6.0 [17] . Kimura's two-parameter model [18] was used to estimate the evolutionary distances for the neighbour-joining and maximum-likelihood trees. Tree topologies were calculated by bootstrap analyses based on 1000 replicates.
Fatty acid, respiratory quinone composition and polar lipids analysis of the strains were performed using cell biomass at the end of the exponential phase, i.e. after growing in 2216E liquid medium for 3 days. The fatty acids were analysed according to the standard protocol of the Microbial Identification System (Sherlock version 4.5; database: TSBA40; MIDI; [19] ). Respiratory quinones were extracted from freeze-dried cells, separated and analysed by HPLC [20] . Polar lipids were separated by two-dimensional silica gel TLC by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany. Total lipids material was detected using molybdatophosphoric acid; specific functional groups were detected using spray reagents specific for defined functional groups, as described by Tindall et al. [21] .
Colonies of strain FA042
T grown on 2216E agar were circular, entire, smooth and red-coloured. Strain FA042
T was observed to grow at 15-37 C, pH 6.0-8.5 and in the presence of 1-8 % (w/v) NaCl. Optimum growth occurred at 33 C, pH 7.0-7.5 and with 2-3 % (w/v) NaCl. Cells of the type strain FA042
T were susceptible to erythromycin (15 µg), streptomycin (10 µg), penicillin G (10 µg), norfloxacin (10 µg), ofloxacin (5 µg), suldimethoxine (10 µg), lincomycin (2 µg), acetylspiramycin (30 µg) and clindamycin (30 µg), and resistant to tobramycin (10 µg), vancomycin (30 µg), neomycin (30 µg), gentamycin (10 µg), nalidixic acid (30 µg) and kanamycin (30 µg).
Analysis of the 16S rRNA gene sequence (1438 bp) based on the EzTaxon server clearly showed that strain FA042
T was associated with members of the genus Hyunsoonleella. The 16S rRNA gene sequence was 95.0 % similar to that of H. jejuensis KCTC 22242
T and 94.6 % similar to that of H. pacifica SW033
T . In addition, the topological structure of the phylogenetic neighbour-joining tree ( Fig. 1) clearly illustrated that strain FA042
T clustered with species of the genus Hyunsoonleella and was distinctly separated from members of other genera. This topology was also supported by the maximum-likelihood and maximum-parsimony trees ( Figs  S2 and S3) . The sequence similarity and phylogenetic position on the trees indicated that strain FA042
T may represent a novel species in the genus Hyunsoonleella.
The properties of strain FA042
T were consistent with the general features of the genus Hyunsoonleella: cells were Gram-stain-negative, rod shaped, non-motile and nongliding. Strain FA042
T and the reference strains shared the ability to hydrolyse Tweens 20, 40 and 60. Each of them could produce alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and acid phosphatase. Meanwhile, their common major fatty acids were iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 17 : 0 3-OH and iso-C 15 MK-6, which was in line with the genus Hyunsoonleella. The major polar lipids of strain FA042
T were phosphatidylethanolamine (PE), three unidentified lipids (L) and two unidentified aminolipids (AL). One unidentified lipid and one phospholipid (PL) were present in minor amounts in the polar lipid profile (Fig. S4) T are shown in Table 1 . Based on phenotypic distinctness, together with the chemotaxonomic characteristics and phylogenetic analysis, strain FA042
T is considered to represent a novel species of the genus Hyunsoonleella, for which the name Hyunsoonleella rubra sp. nov. is proposed.
EMENDED DESCRIPTION OF HYUNSOONLEELLA YOON ET AL. 2010
The description of the genus Hyunsoonleella is as given by Park et al. [22] with the following amendments: oxidase and catalase reaction may vary. Cells produce carotenoid pigments or flexirubin-type pigments. The major polar lipids include phosphatidylethanolamine, three unidentified lipids and two unidentified aminolipids. The range of DNA G+C contents is 35.5-39.0 mol%.
DESCRIPTION OF HYUNSOONLEELLA RUBRA SP. NOV.
Hyunsoonleella rubra (ru¢bra. L. fem. adj. rubra red).
Cells are Gram-stain-negative, aerobic and rod shaped (0.3-0.4 µm in width and 1.6-3.8 µm in length), non-flagellated and non-gliding. After incubation for 3 days at 33 C, colonies on 2216E agar are red-coloured, circular, convex,
Algibacter agarilyticus KYW563 T (JN864027)
Algibacter agarivorans KYW560 T (JN864025)
Olleya marilimosa CIP 108537 T (JN175350)
Gaetbulibacter saemankumensis SMK-12 T (AY883937)
Gaetbulibacter aestuarii KYW382 T (GU552681)
Yeosuana aromativorans GW1-1 T (AY682382)
Mariniflexile fucanivorans SW5 T (AJ628046)

Jejuia pallidilutea EM39 T (EU443204)
Hyunsoonleella rubra FA042 T (KR528480)
Hyunsoonleella jejuensis CNU004 T (EF217419)
Hyunsoonleella pacifica SW033 T (JX501247)
Winogradskyella exilis 022-2-26 T (FJ595484)
Winogradskyella poriferorum UST030701-295 T (AY848823) T . All data were from this study unless indicated otherwise. All strains were Gram-stain-negative, rod-shaped, non-flagellated, non-gliding and positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and acid phosphatase, Simmon's citrate utilization, and hydrolysis of Tweens 20 and 40. Acid was produced from aesculin and D-tagatose. All strains were negative for production of H 2 S, lipase (C14), b-glucuronidase, a-mannosidase and b-fucosidase. +, Positive; À, negative. . †Data taken from Gao et al. [2] .
